“TI TLE OFF - THE | NVENTI ON METHOD AND APPARATUS FOR CONVERTI ﬁlfz %’753 é
PLASTI C WASTE < INTO O L BACKGROUND OF THE INVENTION 5 ]PB&S

Fi el d.of the Invention The present invention relates to a nethod

of deconposi ng a plastic waste by a chem cal reactions, in which

water in a-supercritical or near supercritical region is used as a
reaction nedium and thereby converting the plastic 10 waste into oil,

and further relates to an apparatus therefor. ' . . 2. Description of

the Rel ate ' I.therto, alnost all of the plastic waste of

vari ous 91 s OF THE. INVE ra)‘i{ed on a land reclamation-site .or have

been burned and kaugoBauin Absheainl i IGHvERiTG 3CBLABTIED iSR! ces.

Further, in the case of e plastic,waste on a reclained |and,
it is diffigubt ok secure a land or ground to be reclainmed and the
recl ai ned groung I's unst abl e. Further, in the case of burning the

pl asti c waghexcRbONS baveur InvEgaTgapused the probl ens that because these
wastes are high- 20 calorie sol1ds, an incinerator is badly danaged and

that thg pl ast FEeMASHbE Ghee Irfdntigeoi sonous gas and a foul odor
during incineration thereof. : In such a context, in récent years,
attenpts have be?ﬁe.presentlinvention relates to a method of
decomposing a piaétic waste by a chemical reactions, in which
water in a supercritical or near supercritical region is used
as a reactioh médiﬁm,-and tﬁereby converting the plastic
10 waste into oii; and further relates to an apparatus therefor.
2. Descfiption of the Related Art
Hitherto, almost all of the plastié waste of various
types have been dﬁmped on a land ieclamation site or have
been burned and thus have not been effectively utilized as
15 resources. Further, in the case of dumping the plastic waste
on a reclaimed land, it is difficult to secure a land or
- ground to be reélaimed and the reclaimed ground is unstable.
Further,_in the case of burning thé plastic waste, there have
beén caused the.problems that because these wastes are high;_
20. calorie solids, an incinerator is badly damaged and that the
plastic waste gives off a poiscnous gas and a foul odor
during incineration thereof.
In such a context, in recent ye§rsf attempts have been
made to develop a method for recycling and reusing a plastic

25 waste without pbllutioﬁ, and for eéffectively utilizing the
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made tosdevel op a nethod for recycling and reusing a plastic 25 waste

wi-t hout pollution, and for effectively utilizing the

recygl ed plastics as resources. As one of such nethods, t here has been
proposed a nethod (nanely, what is called a supercritical water method
or process) of deconposing a pl astic waste by a reaction (nanely, a
supercritical water 5 reaction), which uses water in a supercritical

regi on (nanely, supercritical water) or water near the supercritical

[ ﬁ?i ?P’K( Coneal e B PATHEFEE bR FRseNRbSR), RrGoBR7OF Sleh, pecfBHEL 10
S6- 501205 CeeTRcpandr e B oPIsRat fpsbha, (ARRRLXLLRHaE, 28 baBiRY, EF el

Publ i cat'i og, criticéf-ﬁgeér'ﬁé%ﬁeeooerzaaégao Bﬁddégbﬂ?agﬂhg4all31446;

all of these references are incorporated herein by reference).

Supercri tigphs¥pteladfe 0871 AedeastiBhe(nbhaly Sal Bupdbce@Ribhionater Which
the tenperature is critical tenperature “(nanmely, 374C) of water or

hi gher sndrédetPbRPsUiRiEE B8s wate! iihi aabupegsslitechlapgByyon22. 1 MPa) or
hi gher. In the case of the supercritical water nethod, the quantity of
generat ed (namelps supédaribiichhewaten)t onf wategshdee thessapercirihtizl
conparison with the case of utilizing thernolysis at ordinary
region (namely, near supercritical water) as a reaction
medium, té thereby convert the plastic waste into oil and of
collécting.useful-oil-like materials (refer to Japanese
10 PatentEPrOViéional'Publication‘56-501205 cdrresponding to
WO081/00855 and Japanese Patent Provisional Publication Nos.
57-4225, 5-31000, 6-279762, and US patent 4,113,446; all of
these referencgs are ihcorporated herein by reference).
Supercritical water is defiﬁed as water that is in
15 conditions in which the temperéture is c;itical temperature
(namely, 374°C) of water or higher and the pressﬁre is thé
crificél pressure {(namely, 22.1 MPa) or higher. In the case
of the supercritical water method, the quantity'of generated -
gas is low.and the amount of a residue is small, in
20 comparison with the case of utilizing thermolysis at ordinary
pressure. Thus, a high o0il conversion ratio, at which a
plastic waste is converted intq 0il, can be realized.
Incidentally, even if the pressure of water is not higher

than the critical pressure, the water acting as a reaction

25 medium behaves almost similarly as Supercritical water does
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preséuré. Thus, a high oil conversion ratio, at which a pl astic waste

Is converted into oil, can be realized. Incidentally, even if the
pressseire of water is not higher than the critical pressure, the water
acting as a reaction 25 nedium behaves alnost simlarly as supercritical
wat er does 2 when t he
pressure thereof is close to the critical pressure -~ (nanely, the ratio
of the pressure thereof to the critical pressure is 0.8 or nore).
However , wihilnl heCrbelhure! hesbe! e Bibse! 6N UM ST itiRa0pAAEN0 8
pl astic waste according to the supercritical wat er nmet hod "have not been
sufficient { ¥alks; |)(:h%srz%l?:|1'05|3ﬁdthe SsuFePebiedldot to U ke-iRaial of

vi ew of the speed-up of . the reaction and the treatnent (or disposal) of

| ar ge anDuBEgssurep&Spbagtbg Wy, the current techni ques nay not be
effective "10 and are not suitable for industrialization. Nanely, in the

case of the treatgwelves!, hithheheoruerbhenaltatePdhd @alt, techidig®ies
nmet hod, a batch treatment is perforned (by a reactor of - the autocl ave

type) af afbenpecaittiihg of plARitdkr WEste accowdilg e the supemicirittiatali t
takes long tinme, which is 30 m nutes or nore, 15 to performthe
deconposi t wateaf methods have\astte beett saffdctiently idleapllysestakddishadnt o
oil. Mreover, it is difficult to
vet. Especially, from the point of view of the speed-up of
the reaction and the treatment (or disposal) of large amounts
of plastic'waste, the current techniques may.not be effective
10 and are not éﬁitable for industrialization. Namely, in the
case of the treatment of by the conventional supercritical
watér method, a batch treatment is perfofmed (by a reactor of
the,autodlave type) at a*temperafure of 400°C or so, with the
result that it takes long time, which is 30 minutes or more,
15 +to perform the decompositidn of a plastic waste aﬁd convert
the plastic waste into oil. Moreover, it is difficult to
treaf large amounts of plastic waste.
Furthermore, when the plastic waste contains chldrine- :
base (or chlorine-containing) plastic such as vinyl chloride
20 resin, there are caused the problems that the corrosion of
the reactor and piping is effected by hydrogen chlofide
produced by the decomposition of the chlorine-base plastic
contained in the plastic waste during the decomposition of .

the plastic waste and the conﬁersion thereof into oil.

25 Namely, a supercritical water reaction is effected in high-
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treat | arge anmounts of plastic waste. ' Furt hernore, when the

pl astic waste contains chlorine- base (or chlorine-containing) plastic
such as vinyl chloride 20 resin, there are caused the problens that the
corrosion of the reactor and piping is effected by hydrogen chloride
produced by the deconposition of the chlorine-base plastic cont ai ned
In the plastic waste during the deconposition of the plastic waste and
t he conversion thereof into oil. 25 Nanely, a supercritical water reaction
is effected in hi

h- . < s
tenperaturét%ﬂﬁﬁﬁék$$ﬁtVEﬁ?rhyd?%@ﬁ??%hlQY?E@9?§ ?Bﬁ?f%ﬂgaﬁﬁ lonléﬁ?o??ﬂe
FLETRIP RN b st P

corrosion a e convéntional of a

p aet e ke ek Bber B THESLAS el LR, BA, CrEBHBLLEe200! e

probl em erialrs are serio

fheretore. 46085615081 BroaBRLAL Sé?ﬁ)f%%%%%?ﬁte byCighg! | ne- base

plastic is onpos converte 0 Oi e supercritical water

met hod, 4t "%gféyiéiééi Chtet Onedifbd haSt e bSuTBERLE! SnBRAEE BLSbieh the
reactor an p! ng. Thus, heretofore, 1n the case of using the
supercriti cghat metallic materials are seriously corroded.

Therefore, in the case that a plastic waste containing
chlorine-base plastic is decomposed and converted into oil by
the.sﬁpercfitical water metﬁod, it is very difficult to

10 seiectzthe méfallic materials for the reactor and pipipg,
Thus, heretofore, in the case of using the supercritical
water method, with the existing state of %he ért, only a
plastic wasfe containing no chlorine-base piastic has been
converted into 0il after the chlorine-base plastic is

15 fractionafed and separated from the plastic waéte by a
pfetreatment._ The present invention is accomplished in view

of such a state of the conventional art..

SUMMARY OF THE INVENTION

Accordingly, a first object bf the present invention is
20 . to provide a method and apparatus of treéting a plastic
waste, which is suitable for industrialization and can
decompose a plastic waste and convert the plastic waste into
oil at a high speed in a supercritical water process for
treating a plastic waste.and further can treét large amounts

25 of plastic waste.



wat er fethod, with the existing state of the art, only a plastic waste
contai ning no chlorine-base plastic has been converted into oil after
the schl orine-base plastic is 15 fractionated and separated fromthe

pl astic waste by a pretreatnent. The present invention is acconplished
In view of such a state of the conventional art. SUMVARY OF THE

| NVENTI ON Accordingly, a first object of the present invention
is 20 to provide a nethod and apparatus of treating a plastic wast e,

whi ch is suitabfgrigéri ndusbebabi 885LAR Bthﬁ%onesen@eﬁﬂgﬁﬁ§§oﬁ pLaghi c
t Il at a hig

wast e and convert the plastic waste into o] speed I1n a

super cri thsaviast arm@fﬁ@@ssnaOépFarathéeaEi ReedtRhgShi p14asLE @adeburt her
can treat |large amounts 25 of plastic waste. .

4 which can effectivébgr suppsesanénebieegioslichh8fPERECappaPY AL ON
Is to provi de a nethod and apparatus of treating a plastic waste,

whi ch candeéftot hy@tygenpphissifibegeneraseandokihljethapaeabipositiofue to
hydrogen chl ori de generated during, the deconposition 5 of the plastic
wast e @andof htheoplestionwasbeeahdi the cbhversion theredf anbbewelt he
f oregoi ng objects, in accordance with an aspect of the present
“invention, ther®ojachievedtibeafarggoiing objects, in accordance~with an
| aspect of the present invention, there is.prOVided a method
of decomposing a plastic waste by a reaction using water in a
supercritiéal Oor near superéritical region as a reaction
10 medium and céﬁverting the plastic waste into oil, which
comprises the step of carrying out the reaction in a tubular
type continuous reactor.
It is preferable that the residence.time of the plastic
waste in the reactor is 5 minutes or less when conducting the
15 reaction according to this method of converting the plastic
waste into oil. .
_ Further, in accordance with another aspect of the:
~ present invention, there is provided a method-of decomposing
a plastic waste by a reaction using water in a supercritical
20 or near supercritical regiop as a reaction medium and
converting the plastic waste into oil, which comprises the
steps of: heafing a plastic waste to decompose part or éll of
chlorine-baSe.plastiC'included in the plastic waste and

separéte and remove generated hydrogen chloride therefrom;

25 and conducting the reaction by mixing the plastic waste, from
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of decdnposing a plastic waste by a reaction using water in a
supercritical or near supercritical region as a reaction 10 medi um and

conwerting the plastic waste into oil, which conprises the step of
carrying out the reaction in a tubular type continuous reactor.

It is preferable that the residence tine of the plastic waste in the
reactor is 5 mnutes or | ess when conducting the 15 reaction according to
this method of converting the plastic waste into oi

: h t t
there 1 s BhsRoBR SR FErRaRo AR Stsfgﬁﬁﬁige%txgra‘cagm g&fsb&%%%}e 'bQVS” o
ercr regi on as
A Teaction modi 1 She 8a8e"UBTHELH WEthaa e ckoReeratPE PopsosREe Wi

'Conprlseswégg 1ntoséﬁfs ot 1Eepké@grgbgga§hég %ﬁ ﬁu gFg%&gnpose part or

all of | orirne-baSe plastfc inc Ste and

. separate é&%iﬁ@@&@ géaéeai-eﬂshﬁgéagsg feﬂé%égét&{]e%s{rfg%hau%%lﬁadthe

conducting the reaction by mxing the plastic waste

5 5 reaction.Wich the hydrogen chloride is separated, with water.

In the case of this nethod of converting a plastic waste into oil, it
is preferable thatthetjbithasutlpe case of this method of converting a

plastic waste into oil, it is preferable that the residence
time of the plastic waste in the reactor 4is 5 minutes or less
when conduéting the reactioﬁ acdording to fhis method of

10 converéing tﬂe plastic waste into oil.

Moreover, in accordance with still another aspect of
the present invention, there is prov1ded an apparatus for
decomp051ng a plastic waste by a reaction u31ng water in a-
supercritical or near supercritical region as a reaction

15 medium and for converting the plastic waste ihto oil, which
comprises a tubular type continuous reactor as a reactor for
cénducting the reaction.

Furthermore, in accordance with yet another aspect of
the present invention, there is'provided an apparatus for

20 decompoéing a plastic waste by a reaction using water in a
supercritical or near supercritical region as a reaction
medium and for converting the plastic waste into o0il, which
comprises: a hydrogen-chloride decomposing/removing mechanism
for heating a plastic waste to decompose part or all of

25 chlorine-base plastic contained in the plastic waste and
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contindous reactor is used as the reactor for conducting the - 5 reacti on.

Further, in such a case of this nethod of converting a plastic waste
inta oil, it is preferable that the residence time of the plastic
waste in the reactor is 5 mnutes or |ess when conducting the reaction
according to this method of 10 converting the plastic waste into oil.
Moreover, in accordance with still another aspect of t he present

i nvention, there is provided an apparatus for deconposing a plastic

waste by a reaction ysing water in supercritical or, near .
super cri tFERFTFEY] a§e§°V$a8FPSFa%f§ H@HP&%FHn8H§8F198n$gﬁfﬁﬁﬁoﬁhe
pl astic waste into $i ubul ar typ% cont L nUOUS

|, _which i
Peact or fI0 7 CHRIGHOT oFOT QScOBRARIRENGhEnBLRSkIE: BRSS! | Erom Whid

Furthermore, Jn.accord wi.t h.yet another, aspe s pr esent
vent | ot Hefafodeh Bhrdhatn 1 hePaRaesh,: DY56atbsring: KIS bl st ¢
wast e by 555§%§5ﬁ°n using water in a supercritical or near
sqperpritlca regTon_ as a reaction ~medi um and for converting the
plastig waste | 048; LibnayChin theCRERE 3%s:th§shxsf>995!enghhee&' de
deconposi ng/ renovi ng nmechani sm or heating a plastic waste to

deconposecpbdreingl & plasdcChbtenenkaseill, aski esCppbabradlenthle Al astic
wast e and 6 :
tubular type continuous reactor is used as the reactor for
conducting the reaction.
In aécordance with thé present invention, the

10 decompésition of a plastic waste and the conversion thereof
into oil are performed by a supercriticai water reaction. As
described above, supercritical water is defined as water
whose temperature.is at the critical temperature of water or
higher and whose preésure_is at the critical pressure of

15 ﬁater or higher. However, even if the pressure of this ﬁater
is not higher than the critical pressure, the behavior of the
water acting as a feaction medium results in its showing
activity which is almost similarly as of supercritical water
when the pressure thereof is close to the critical pressure

20 '(namely, the ratio of the pressure theréof to the critical
pressure is 0.8 or more). Therefore, supercritical water
reactions according to the present invention include those
caused in the case that thé pressure of supercritical water
is operated in the vicinity of the critical pressure of

25 water.



separate and renove generated hydrogen chloride. therefrom and a
reactor for deconposing the plastic waste, from which t he hydrogen
chlotide i's separated, by conducting the reaction. 5 ‘
Additionally, in the case of this apparatus for converting a plastic
waste into oil, it is preferable that a tubul ar ‘'type conti nuous reactor
Is used as the reactor for conducting the reaction. I n
accordance with the present invention, the 10 deconposition of a plastic

waste and the COPHéréfGPerh&?EﬁSﬁed mett%&soéx‘xdaé pReatasaBdokYtna
supercritical water reaction. described a ove, supercritical water

is defi necbﬁésé\@&einventﬂms@sé ERSEBAH Eypé @dnthBubhkt Feabtbespasathee of
wat er or hi gher and whose pressure is at the critical pressure of 15

wat er or hiEhSforsOPEY eEon@YCEing SliSePELSELESL OatBi Sreateions. i A Not
hi gher than the critical pressure, the behavior of the .= water acting as

a reacti oncuipgiamm tepel éontinudss sSheadtgr is onéizdapteli €b perabsmsthe
simlarly as of supercritical water when the pr'essure thereof is close
to the Bridecahppsittionecof 29 plasely, wadbe rtitéveih &#héd phessoneerstomof to
the critical pressure is 0.8 or nore). Therefore, supercritical water
react i ons efcoreli ptastic heaprestato i alkrby dpermittidingt Aowéxturecalsed in
the case that the pressure_of supercritical water is operated in the
vicinity ofatem, cwhese sfopibtion elgpfmaimtgined in a supercritical or
7
near supercritical region, and the plastic waste to
continuously flow therethrough. As a more practical example
10 of such a reactor, a multitubular type reactor constituted by
tying a plurality of thick-walled reaction tubes in a bundle
can be mentioned. The reaction tubes can be made from
suitable metals such as stainless steel.
Further, the present invention, which relates to the
15 'aforesaid methods and apparatuses, aims at suppressing the
corrosion of the apparatuses used in supercritical water
reactions by heating a plastic waste to decompose part or all
of chlorine-base plastic contained in the plastic waste and
separate and remove generated hydrogen chloride, which is in
20 a gaseous state, therefrom, before the step of mixing a
plastic waste with water, hot water or supercritical water,
for conducting supercritical water reactions. In this case,
it is necessary for carrying out a supercritical reaction to

mix the plastic waste with water or the like after separating

25 and removing hydrogen chloride produced by the'decomposition
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The af orenenti oned net hods and apparatuses of the ' present invention
use tubular type continuous reactors as the reactors for conducting
supercritical water reactions. A “tubul ar type continuous reactor is
one adapted to performthe 5 deconposition of a plastic waste therein and
t he conversion of the plastic waste into oil by permitting a mxture
of. - water, whose condition is nmaintained in a supercritical or

near supercritical region, and the plastic waste to continuously fl ow

4t ubul erf%%nrré%c%%ﬁ%%‘“%ﬁ&laﬁa%%e 1 %ﬁiggﬁlﬁlﬁ 8Fpris flixed
thi Ck-Wa" %g&é#:?”o}upﬁé ifk?aQ#PgJ:S sepaz @gng &esz'ng gsfgsagtlon

t ubes can rom Sul aln €ss

Further, t 65ﬁ”€hi&¥ﬁ@é'OEhewﬂgﬁPoggﬁaéﬁfoffHérE% 1é§1§é§r§ﬁa'd met hods -

and appara Ses al ns at suppr essi corrosion of the apparatuses
used in syper&Fidd Cféné!"aéfé alssoefaeéaoeﬁeﬁaff&atl NBhfs PhEEE1 6reate t o

deconpose part or all of chlorine-base plastic contained in the

pl asti 65 Wagé® @¥rosion SEPALRECapparaelBYE TRAS! atied Syfeeesnoshtrei de,
which is in 20 a gaseous state, therefrom before the step of mxing a

pl astic V%ﬁiégdﬂﬁfhﬂ%éﬁ%loﬂoér@aﬁ@f achsepedacritical water, f or
conducting supercritical water reactions. In this case,
However, the decomposition of a plastic waste and the

conversion of the plastic waste into oil <can be achieved in a
short time whlch is 5 minutes or less, by u31ng the tubular

10 type’ contlnuous reactor as the reactor and by treatlng the
plastic waste at temperatures which are a. specific
-temperature or higher; Thereby, a large amount of a plastic
waste can be continuocusly treated or processed. | |

Although the methods of the present invention are to

15 perform the decbmpositioﬁ of a plastic waste and the
conversion of the plastic waste into oil under supercritical_
cbnditions, the range of preferable reactidn temperatures
varies-with the kind of plastic that is a main part of the
plastic waste. To carry out a reaction %p a short time, it

20 is preferable to set the reaction temperature at a value that
is 410°C or higher. For instance, in the case 6f the plastic
waste mainly composed of a poiystyrene resin ar a
methacrylic resin, the temperatures ranging from 410 to 600°C
are preferablé. Further, the témperatures rénging from 420

25 to 480°C are particularly preferable. Moreover, in the case
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It 15 necessary for carrying out a supercritical reaction to m X the
plastic waste with water or the |like after separating 25 and renovi ng
hydr ggen chl ori de produced by the deconposition

8 of chlorine-containing plastic. |If a plastic waste is
m xed with water or the |ike before separating and renovi ng gaseous
hydr ogen chl ori de, ‘'t he hydrogen chloride is ionized and chl orine i.ons
are dissociated therefrom Thi's accel erates 5 the corrosion of the
apparatus. Thus, the objects of the present inwention are not achieved.
However, tdfe ﬂu%cvﬂgmt¥¢dfﬂ%¢ea“@1@%Y|@OM$%da¢nﬂ padyethydeneer si on of t he
pl astic waste into oil can be achieved in a short _tinme which is

n nut es cnPQ¥¥EF°EW1%B¢ngPQ¥¥V%QﬁiH%Hloq£ﬂ$yp@P%ﬁﬁ%Pﬁ&b@@nPeﬁﬁ%EFlggrthe |
reactor and by treating. the | astjc waste at tengeratures which are a
speci fic MBS {X@fHRat %VY&“%&g%i#OhQ%erEﬁ&Yc%F?%?ﬁ anBAt¥ester pesitic
waste can be c t|n usI treated épfroce ssed h_the

nFthods of%% P ?'l hY?TPPEﬁ S Eﬁn%%?qo?ﬁ??h388e58n%§§u€ 3he gf a
Super ord ??P?%%eféﬁgbi%onﬂlr HEE THIE Plaetf Eufed chafioRG Srpfl 08" tonde!

tenperat urgye aré’%éf@l&‘ﬁi&i@%z?éﬁgrgﬂlgl astic that is a main part -of
t he ' : i

The reaction pressure is set in such a manner as to be
eéual to or highgr than the critical pressure of water,'or to
be close té the critical préssure thereof. In view of the

10 speed-&ﬁ of a reaction and the allowabie operating
temperature and the permissible working préssure of materials
used in the reactor, further preferable pressures range from
18 to 50 MPa. Particularly preferable pressurés range from
22.1 to 35 MPa.

15 In the case of the methods énd appératuses of the
present invention, a plastic waste is mixed with water, hot
water or supercritical water to thereby cause a supercritical
water reaction. The plastic waste may be mixed with such
supercritical water or the ‘like while the plastic wéste is

20 heated and melted. Alternatively, the plastic waste, which
is crushed into.fragments, may be.mixed with such
supercritical water or the like.

Further,'if a chlorine—dontaining_glastic such as
polyvinyl chloride and polyvinylidene chloride is included in

25 a plastic waste, the corrosion of the apparatus occurs when

10



pl asticiwaste. To carry out a reaction in a short tine, it 20 1is
preferable to set the reaction tenperature at a val ue that S
410[err] C or higher. For instance, in the case of the plastic wast e
mai nl y conposed of a polystyrene resin or a met hacrylic resin, the
tenperatures ranging from410 to 600[err]C are preferable. Further,
the tenperatures ranging from420 25 to 480[err]C are particularly
preferable. Mreover, in the case 9

of the plastic . -waste mainly gsed of onetoIene polypropylene

pol yvi nyl GﬂPGPP&énQpSI§VPﬁ§PF& A& adh W e rea: t%&@S B&sPOVS0l yvi nyl
Fangl ng 1 - ORERBBEEY coBPBrPFETEYe 13 ottt v O'%ﬁ‘m Vst SHER o at ur o5
141500 B0 A30 0o s ARG, A A B W Grarerpige g
than the C%—h&' ﬁ?hrﬁﬁ%ﬁs—iﬁioﬁadﬁah@%&n& éigxgdrenﬁ%lﬂlgoﬁ%cth%nﬁgﬂn trslht ' cal

pressure thereo I ew o act1on and

o\ Sieobe RecbLAdn pkemppselit LA PRTARALE o Lt Beesau e o

18 to 50 Nﬁ@x1ﬁ§rEh6Ub§éE£1@r%E%EébhatﬁfQﬁﬁﬂﬁ%shk&ﬂ%%f%ﬁo@r
éupercritical water, and that thus the plastic waste is
heated and melted to thereby decompose part or all of
chlérine—bése plastic contained in the plastic waste and

10 separa%e and.remove generated gaseous hydrogen chloride
therefrom.

Heating température, at which the plastic waste is
heated for rémoving hydrogen chloride therefrom, is suitably -
set according to the composition and properties of thé waste.

15 Bécause the generation of de@omposition gases other than
hydrogen chloride should be suppressed, the preferable
heating temperatures range from 200 to 400°C. Further,
particularly preferable heating temperatures range from 250
to 350°C.

20 - In the éase of the methods and apparatuses of the
present invention, a plastic waste can be.efficiently
decomposed and converted into oil in a short timelby using a
tubular type continuous reactor as a reactor. Thereby, a
large gquantity of a plastic waste can Ee continuously

25 treated. Moreover, the methods and apparatuses of the present
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22.1 te"35 MPa. 15 In the case of the metheds and appar at uses of

t.he present invention, a plastic waste is mxed with water, hot

wat er or supercritical water to thereby cause a supercritical wat er
reaction. The plastic waste may be m xed with such supercritical water
or the like while the plastic waste is 20 heated and nelted. -
Alternatively, the plastic waste, which I's crushed into fragnents, nmay
be aned m@th such supercritical water or the like.

Further, if a chlorine-c a|n|n | astic,such, as ol yvi chl ori de
and pol yvilmpenddan G:Heor“lad{? B'Eﬂfé%l ¢freciglve ptf%\sﬁ?igt v& tWét he

corrosion of the apparatus occurs

conduct i nFeREIN HEETATURR &t raea‘é%ar‘b‘?‘l within & & peleloces%?Ill ed

gi‘zéf 07 s S S 1 DD sy %Sén %ﬁ%w e’
econpo /

per or m-sh%?gcmﬁ“eeﬁ ”efc%nemﬂxi}%%tﬁ %és)tv : ?%é%t ERaE, OO o

?}&éxﬁ |Gl Al 4 dtlﬁysﬁ hﬁ%é)ln?ééé&c‘ﬁ@%ﬁd"@he heat ed

and nel ereby econpose part or chl ori ne-'base plastic
Conta'nedddhéfﬂhdﬂé”%féhﬂﬁéﬁéa6¥“harge amounts of plastic waste.

Moreover, a reduction in size of the reactor can be achieved.

10

Thus,. the industrialization of the treatment of a plastic
waste by tﬁe supercritical Qater method can be attained.

10 éurthe?ﬁore, in the case of the method and apparatus of
‘the present invention, when the decompoéition of a plastic
waste containing chlorine—basé plastic and the conversion of .
the,plasfic waste‘into.oil are carried out as a result'of
performing the supercritical water process by conductlng a

15 supercritical water reaction after removing hydrogen chlorlde
by performing the pretreatment of-a plastic waste, the
corrosion of the apparatus due to hydrogen chloride generated
from the chlorine-base plastic can be suppressed effective;y.

Additionally, 0il-like materials, which contain almost

20 no chlorine ingredient and can be effecti;ely utilized as

fuel oil, can be collected in good yield from a plastic waste

containing chlorine-base plastic.

BRIEF DESCRIPTION OF THE DRAWINGS
Other features, objects and advantages of the present

25 invention will become apparent from the following description

12



10 separate and renove generated gaseous hydrogen chloride t herefrom
Heating tenperature, at which the plastic waste is - heat ed for renoving
hydragen chloride therefrom is suitably set according to the
conposition and properties of the waste. 15 Because the generation of
deconposi ti on gases ot her than hydr ogen chl ori de shoul d be suppressed,
the preferable heating tenperatures range from 200 to 400[err]C.

Furt her, particul arly preferable heating tenperatures range from 250
to 350[err e case ,of the nethods. an par gt uses of the
present %gnPFSﬁerﬁeﬂlﬁgppélW§§F§ H&Ehb§e§FF?BF§nFPyt e @@& §séd and

converted | in a.short ti Lgr Eype cont i nuous

reactor as% 1 Qaéégﬁ TRAEFERe ggra%ﬁgféegaﬁéﬁpFF? gﬁ & Mastic waste can
be conti nugusl ¥ sn3Ralkt Sab%%tsNthgvgkbﬁgdgev id%laﬁg a%%.r§59 Eicﬂf the

present NVENt i oNn Be ore ef V sétting

the = reactiong E%”pﬁr %“%eﬁggtﬁmv§ B%cﬂé%@'ﬁliu%%%%&ah% af'@fibodiment

according to the Kind o wast constituent

of the pl agki %h@aggsfﬁg%ﬁawenm%ner GEI8h 18 LNHERHLA a%&a%ﬁ;%rye%ss peed- up

of the reaction a
embodying the present invention;

FIG. 2 is a system flowchart illustrating anothér
embodiment of the present iﬁventioﬁ, which is aﬁother method
and apparafus embodying the-present invention;

10 fIG. 3‘£S a schematic diagram illust:atihg the
configuration of an appafatus for converting a pléstic waste
= into oil according to the present inéention, which is still
another embodiment of the present invention; and
. FIG. 4 is a schematic diagram illustrating the
15 configuration of another apparatus for converting a plastic

waste into oil according to the present invention, which is

yet another embodiment of the present invention.

DETAILED DESCRIPTION OF THE.PREFERRED EMBODIMENTS
Hereinafter, the preferred embodiments of the present
20 invention will be described in detail by referring to the
accompanying drawings.
‘Referring to FIG. 1, there is shown a sfstem flowchart
illustrating a method and apparatus embodying the present
invention, namely, an embodiment oflthe present invention.

25 Namely, this embodiment does not have the step of removing

13



~continuous treatnent- of |arge amounts of plastic waste. Mor eover, a

reduction in size .of the reactor can be achieved. ~  Thus, the
industrialization of the treatnment of a plastic waste by the
supercritical water method can be attained. 10 Furthernore, in the
case of the nethod and apparatus of the present invention, when the
deconposi tion of a plastic wast e contai ning chlorine-base plastic and
t he fonv$r5|on of the plastic waste into oil are carried out as a
result o erformng the su r|t wat er cess g a
15 superchY@F@ﬁanﬁpéPrggéct|SH Fgﬁoéﬁﬁﬁmﬁ 5ﬁ¥or|§%&&hﬁp
perform ng the pr at nent of f the
apparatusWEﬁEethﬁy5 gEHngﬁFﬁﬁpﬁe 3$ﬁ®ﬁaw§ %ﬁ&%t q%?%ﬁﬁgbase

plastic can he r, d t | Add 1y, I -Tik
mat eri al sP REP Su@Eﬁ%:% a%ﬁ% f &fg %%e?ﬁlé ri‘ne |AgﬁehngPaané cgk beI ©
ef fecti yel y uti | zeq:e%srg %%@E %Lém’enci:%n shenhcald gituesql, 'r{?_:; g%@gaqgﬁé rom

a plastlc wast e S0T | Ne-base plast BRI'EF

DESCR g\l fF%é%lB%Wl S‘Sgbre r?erformeg I&?J ffﬁta‘ért@.% wld&et siand

advant € present ention will béecone apparent fromthe

f0||0mﬂn9 Q%égﬁgﬁélonThereafter the plastlc waste is healtkd and
of preferre ments wth réference to the.drawi ngs in

melted. At that time, generated decomposition gas may be
separated therefrom, and may be further cleaned and collected
or may be neutrallzed. |

10 In step (2), the élastlc waste and the water are
pressurized, upon completion of the treatment of_the
-aforementioned step (1). Thereaftef, the plastic waste is
mixed with the water. Moreover, a supercritical water
reaction is conducted by using a tubular type continuous

15 reactor under the aforementiéned temperature and pressure
conditions. In this case, after mixing the plastic waste
with water or hot water, the mixture may be heated in such a
manner aé to be in a supercritical or ﬂear supercritical
region.. Alternatively, the plastic waste may be mixed with

20 Supercriticai water.

'Sﬁbsequently, in step (3), the reactant is cooled.

Then, the séparation of o0il from water is performed.
Thereafter, produced oil-like materials are collected.
FIG. 2 is a system-flowchart illustrating another embodiment

25 of the present invention, which is another method and

14



whi ch [t ke reference characters designate like or * corresponding parts

t hr oughout several views, and in which: FIG 1 is a system
flowchart illustrating an enbodi nment 5 of the present invention, which is
a nmet hod and appar at us enbodyi ng the present invention; FI G
2 is asystemflowhart illustrating another enbodi nent of the present

I nvention, which is another nethod and appar at us enbodyi ng the present
invention; 10 _ FIG 3 is a schematic diagramillustrating the

configuration of an apparatus for converting a plastic St into oil
accor di ng @W%%O%mﬁgﬁ%ﬁﬁ%t i’g"vsefrﬁjron‘ %‘?ﬁ@r WD ment

of the present j.nventiaqn; d Fl, ' ‘ | £q di
illustrati ﬁﬂ‘bt mef'g:t gl ga% @%r aﬁtle(?n 0o“’:f raerlln(ﬂmle%rg }p%%rf%%rg W%&lo%eser |°?f[(‘:jg a
pl astic J Q | i reseat; Lovend i i S
yet anot her"°\g@{o°§lr¥§1?°h% s’t‘ﬁ’e%&%zgsen él?r‘{{/%‘%il?on. lérB'ETAr#llk_lg%leDfI{:\’gCﬁR{Ib PTI ON
OF THE PRE @ﬁgd@%%?@dwé¥' ; | af : r

enbodi ment s'élé?f e present %2(?1‘!ansvtelrﬁ iv{)':’l_r#:l“?v(\:/l‘r ﬁx{}%eélgées%éi e%gﬁl&qdei?;hi | by
referri B 3ddi@ic wast@F GAHRABAING E MKied out in the REAEIdWiiy tsedh G

1, there i 5§ showmn a system flowchart illustrating a nmethod and

appar at us gmrbody§ n@ y.he present ~invention, nanely, an enbodi nent of
the present invention. 25 Nanely, this enbodi mrent does not have the step
of renoving In step (1), the plastic waste,/l3hich has undergone

pretreatments such as crushing, separating and fractionating
as needed,'is heated and melted to thereby decompose a part

10 or alljof chiorine-base plaStic contained in the plastic
waste and separate and remove produced gaseous hydrogen
chloride (a dehydrochlorinafion treatment). The separated
énd_removed.gaseous hydrogen chloride is cleaned and
collected or is neutralized.

15 In step (2), the plastic waste and thé ﬁater are
pressurized upon completion of the treatment.of step (1).
Then, the plaétic waste is mixed with the.water. Théreafter,
a supercritical water reactioﬁ is conducted. In this case,
after mixing the plastic Wasteiﬁith water or hot water, the

20 mikture may be heated in such a manner aé to be in a
supercritical or near supercritical region. Alternatively,
the plastic waste may be mixed with supercritical water.

In step (3), the reactant is cooled. Subsequently, the

separation of oil from water is performed. Thereafter,

25 produced oil-like materials are collected. Incidentally, the

15



hydrogen chl oride. Further, the deconposition of a plastic wast e and
the conversion of the plastic waste into oil are performed in the
fol l.owi ng steps (1) to (3). In step (1), pretreatnents such as
crushing, separating 5 and fractionating are performed on a plastic waste,
| f necessary. Thereafter, the plastic waste is heated and mel t ed.
At that time, generated deconposition gas may be separated therefrom
?nd may ?g futhercheaned and col |l ected or may be neutralized. 10

n step , the plastic waste and the water are . .pressurized, upon -
conpl et i odlesPmRRSHTIOR @R FANenAre .lﬂﬁ§ﬂ%ﬂﬁﬂﬂ??ﬁﬁi#%ﬁ%£ Yﬁf?PThePeafter

el il o ondafiel i G eI ME
in ihs caso, oW b NG SRE P TR P o et
(r)n_rxggar_fh r%lqlﬁ%alr T reg%laaﬁ‘%sernati.ve K/ theup ast?c_vvaste maé be

Tho r et AT SEEGIEIAER G e present dny R S erer s

per f or ned.gnothed RIS ifdnt RSO RKL hrident kinv@i€ionl s mretkel | ected.
FIG 2 is a systemflowhart illustrating anot her enbodi nent

apparatus of this figure, the plastic waste is supplied to a

melting tank 2 of the vertical type or of the horizontal type
(incidentaily, the meting tank shown in this figure is of the

10 vertic;l typé) provided with agitating means through a feeder
1. In the melting tank 2, the plastic waste is heated to a
temperatufe, which is in the range of zod to 400°C,
preférably; in the range of 250 to 350°C, and are thus
melted. Decomposition gases, such as gaseous hydrogen

15 chloride, Qenerated at that timé'are emitted from an uppér
portion of the melting tank 2 and are further sent to an
apparatus for performing an exhaust-gas treating step. A
molten plastic waste is préssurized'in a press fitting unit 3
provided with a single-shaft or two—shaft screw and is

20 continuously press-fit inta a mixer (or a mixing tube) 7.

On the other hand, water contained in a water
régulating tank 4 is seht out by a pump 5 to a pre-heater 6
whereupon the sent water is heated to a ?gmperature which is
in the ranée of 200 to 600°C, preferably, in the fange of 350

25 +to 500°C. Then, the water is continuously press—fit'into the

16



25 of the present invention, which is another nethod and

14 . appar at us enbodyi ng the present invention. Namely, this
enbqdi ment has the step of renoving hydrogen chloride before conduct i ng
t he supercritical water reaction. Further, the deconposition of a

pl astic waste and the conversion of a 5 plastic waste into oil are carried
out in the follow ng step (1) to (3). In step (1), the
plastic waste, which has undergone pretreatnments such as crushing,

separ ati ng .and f(o%cééh%p% ’{19’& 2 qae;rl PSS ed%?llgeatlgdwég@r ngd tngg;éd) t her eby

deconpose 255 part astic, contained in the

pl astic t@@ﬁ{%% el %Fsﬂcl%"%e{seé@ve PEOPéJCﬁPe ESSEPLS thidk Qaen

chl ori de fé |on treat nent). The Separ at ed and. renoved

gaseous h d
RGRY SE éiﬁalaaeqi QIS whick Ol d 66éereintsa NE s ed.

astic waste and the water are pressuri zed

upon conplat i Hadite dff edRdigHt dePchd )plastidhedstd heo ptiRstueeigast e

is mxed with the water. Thereafter, a supercriitical water reaction is
conducied ofl ReHdifadss arater, Bddmas Xilghitea pkasge CoNABLIES i 10 V@t er o

hot water, the _ '

Mixture of the molten plastic waste apd the water is
sent to a tubulaxr type continuqus reactor 8. This mixture,
which is in a supercritical or near supercritical state, is
heated in the reactor 8 and.is decomposed in a short time

10 (whichgis 5 ﬁinutes or less) into low-molecular-weight
hydrocarbons. A plastic waste can be decomposed inté oil,
which is in any state from that of heavy oil to that of light
oil, by suitably selecting the reaétioh temperature, the
reaction pressure, the plastic—waste—to-water mixing ratio

15 and the reaction time in the reactor 8. | |

Mixture of the low-molecular-weight hydrocarbon and the
supercritical or near supercritidal water is outputted from
the reactor 8 is then cooled by a cooling unit 9.

Thereaffer, the mixture is sent to an apparatgs for

20 performing the step of separating and.coilecting. Thus, the
low-molecular-weight hydrocarbons (oil) are collected
therein.

FIG. 4 is a schematic diagram-illustrating the
configuration of another apparatus for converting a plastic

25 waste into oil according to the present invention, which is

17



20 m xture may be heated in such a manner as to bein a - supercriticél

or near supercritical region. Aternatively, the plastic waste may be
m xed with supercritical water. In step (3), the reactant is
cool ed. Subsequently, the separation of oil fromwater is performned.
Thereafter, 25 produced oil-like materials are collected. Incidentally,

t he . 15 deconposition gas
generated in the supercritical mater reaction can be cl eaned and

coll ected or can be neutr ~sch di agram
i || ustrat YR§ gpother Eﬂltﬂq efﬂfr &F o?hear?ra?psﬁﬂ atlt?ér }r 6(Bconve |ﬁr¥ge a pI astic

waste 5 |nto Qi l or di th ﬁg

?not her teﬁBBEhlr ! d‘ﬁ' tﬁ%‘irﬁ;%\iesﬁf Vqﬁt?né %’1a apépz)gqraaststuezti)slf‘ this

gure, e Bhasly AUy S NBLIPY S & wne VLI e 20Tof e
en

verti cal or|z Iy, the meting tank

shown in %’8 ﬁ 2 reédryspé)f(lt_ri@lqé%%ﬁ%c&{ t,ﬂg;_q)n i achoid hirotiad | ng

means thr ting tank 2, the plastic waste is

heat ede! 0 3 gure (LBITAI o tiial ¢ gég[éﬁ R TR0 %1, 209X ek AP (sl

pr ef er abl y, the range of 250 to err]C, and are thus mel t ed.

Deconposi tth%u%@ﬁ%s £eBidy a1 JasSHOUshd B BERYy tenic Nl itiee Weaetod ed at
that time are emtted from an upper

waste is heated to a temperature, which is in the range of

200 to 400°C, preferably, in the range o{ 250 to 350°C, and
is thus melted. As a result, part or all of the chlorine-
10 base plastlcs are decomposed, so that gaseous hydrogen
.chloride is generated. This gaseous hydrogen chlorlde is
" emitted from an upper portion of the melting tank 2 and is
further sent to gaseous-hydrogen-chloride removing piping 13.
Thus, this geseous hydrogen chloride is removed during
15 passing through the piping 13, andﬁis then sent to a gas
washer tower ;4 whereupon the gaseous hydrogen chloride is
treated. The plastic waste, from which the gaseous hydrogen
chloride has been removed, is pressurized in a prese fitting -
unit 15 provided with a single-shaft or two-shaft screw and
20 are continuously press-fit into a mixer (br a mixing tube)
16.
On the other hand, water contained in a water
regulating tank 17 is sent out by a pump 18 to a pre-heater
19 whereupon the sent water is heated to a temperature which

25 is in the range of 200 to 600°C, preferably, in the range of
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portion-of the nelting tank 2 and are further sent to an apparatus for
perform ng an exhaust-gas treating step. A nolten plastic waste is
pressurized in a press fitting unit 3. . provided with a single-shaft or
two-shaft screw and is 20 continuously press-fit into a mxer (or a m xing
tube) 7. _ On the other -hand, water contained in a water
regulating tank 4 is sent out by a punp 5 to a pre-heater 6 wher eupon
the sent water is heated to a tenperature which is in the range of 200
to 600[err%c referably, in the range of 350 25 to 590[errLC. Then, .the
water is c ﬁpianﬁgpycpreg?gphttpﬁty g€ is continvously press-fit into

16 , ' h | X : 7 _Wher € h . '
Tixed  GPEHPERETEPFelE BIALO0,HUPR) 1B MorFuPRrattE FAEETAAS
' t of t d.th Lowhibch i, d,in_t th
Fati o of tHC*a: GREROEPEn BOHTER PASHSAE. RS Bne TG 4t PLEToBPbIfe thiod
watt e, - becgireg i L B¢a,£309¢ el QReb@ed; Synich 1s reprlekhiLd 9f the
mol ten pl astic waste andthe water is s&nt o8 TEBGFEr ype

cont i nugusLeact g @heTQE%ngéEu%ﬁﬁ weighwhb%hthé gﬂaétigpgﬁ E%i%%g%ﬂ@’

near supercritical state, eated in the reactor conposed

ina Shortwék&%\tp%@ tﬁ&hgahéhsw‘ét@ggu B2ofies! §3thihNhOrhAfeireiol wi! ot

hydr ocar bons. astic waste can econposed I nto ol
0.5.

Mixture of the molten plastic #aste and the water is
sent to a ieactor 20. This.mixture, which is in a

10 supercfitical or near supercritical state, is heated in the
reactor 20 to a femperature, which is in the range.ef 400 to
600°C, preferably, in the range of 450 tq 550°C, and is
decomposed in a short time at a pressure,.which is in the
fange of 18 to 50 MPa,_pfeferably, 22.1 to.35_MPa, into low-

15 molecular;weight hydrocerbon. A plastic Wasfe can be
decomposed into oi;, which is in any state from that of heavy
oil to that of light oil, by suitably selecting the feactidn
temperature, the reaction preesure, the plastic-waste~to-
water mixihg ratio and the reaction time in the reactor 20.

20 Mixture of the low-molecular-weight hydrocarbon and the

. supercritical or near supercfitical water, and is eﬁtpufted

from the reactor 20 is then cooled by a cooling unit 21.
Thereafter, the mixture is sent to an apparatus for
performing - the step of separating generated gas from liquid

25 in separation tanks 22, 23. The generated gas is sent to the .

19



which is in any state fromthat of heavy oil to that of |ight oil, by

suitably selecting the reaction tenperature, the reacti on pressure,
the plastic-waste-to-water mxing ratio 15 and the reaction time in the
reactor 8. M xture of the | ow nol ecul ar-wei ght hydrocarbon and
t he supercritical or near supercritical water is outputted from

the reactor 8 is then cooled by a cooling unit 9. . Thereafter, the
mxture is sent to an apparatus for 20 performing the step of separating
and collectin Thus, the | ow- ol ecul ar - wei ght dr ocar bon oil) are
col | ect ed 988 gw"il Fhe%ei fovwer 14 whereypqn the gasg ‘ﬁ%n’é%{?% ﬁgagrgﬁ?( )

| f f £
plastic zlsg%f SR T 'ﬁ%é%‘%%é’ Tt b 2AEn VBt PoRSR R GRS &

d h
igpalr at s TITER P35 TEPPPEE ST Mnd 1Endf oBELrL0¥ER LMol 1
ti 1 t t
(i nci d'eﬂ?a*fﬁ%z e ki ?fa%‘k%#1é‘¥‘9fal°-%é’igﬁ€eh¥dr%~?§ﬁ°é8%f T

type) rﬁO\e&fﬁe&eé& agh tRd NI MeAlferencd M GhGFa R i@e&éélgﬁatée fhe melting

tank 12, the plastic
coollng unit; 27 a pump.

- Hereinafter, the methods of the present invention will
be described more concrefely by showing examples.
Example 1 ' |
10 fests én the decomposition of plastic waste'sémples of
compositions Nos. 1 to 5, which are described in TABLE 1
(incidentally, PE designates polyethylene; PP polypropyléne;
PS polysfyrene; and PVC polyvinyl chloride), and on the
conversibn of the éamples into oil were.performed by usiﬁg
15 +the apparatﬁs having the configuration of FIG. 3. Further, a
tubular type continuous reactor constituted by a thick-walled
reaction tube, whose inside diameter, outside diameter and
length were 5 mm, 10 mm ahd 60 m, respectively; was used as
the reactor 8. Moreover, each of the Supplied plasfic waste
20 samples was conﬁinuously treated at a supply-amount thereof,
which was of 0.3 to 0.8 kg/h.
After heated to 350°C in the melting tank 2 and melted
therein, each of the samples was mixed with water heated to
420°C. Resultant mixture was then loaded into the reactor 8.

25 Subsequently, a supercritical water reaction was conducted
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waste is heated to a tenperature, which is in the range of 200 to
400[err] C, preferably, in the range of 250 to 350[err]C and is thus
melted. As a result, part or all of the chlorine- 10 base plastics are
deconposed, so that gaseous hydrogen chloride is generated. This
gaseous hydrogen chloride is emtted froman upper portion of the
melting tank-2 and is further sent to gaseous-hydrogen-chloride
renovi ng piping 13. Thus, this gaseous hydrogen chloride is renoved
during 15 passing through the ping 13, and is_then sent to a gas
washer tovigrden Rg%rGebght%ﬁﬁsgggﬁﬁﬁébﬁQd%BgﬁhBEﬁlbr dBe§§1ts ar?reated
The plastic, waste, whi ch t he gaseous hydro ori de has been
renoved, |%4$$%§sb9|?€BLFn a ptEshag peppgfound GHPW TQBﬁFo§|GEG wWHPARa

S|ngle shaft or tmo*shg §¢ crew and 20 are contlnaoui é ress-fit into a
m xer (or i XPRGEEHHEFcal watgr reaction wagCOREUGEREr Hafd, water

or e- ﬁ'eerlfgHcemperﬁ%ume?suﬁéﬁ‘”{f LeBRabateLty, AR AR 5ol cBsBeR e © °

1g O 3° ddind PSSR0 raR aodobdnERion of EhE) B ’é‘t&ﬁt” "hiseepE”
Press-1it 4 doonverkiBnTtiEFeb2! 1405 BLYI RE:S 81464125 WRoHR cbber

of 5 minutes. Furthermo#e, a large amount of plastic waste
could be continuously.treated by the apparatus of the present
invention..

10 incidentally, in thé case of this example, the plastic
waste is heated and melted and were then mixed.with water.
However; similar resuits were obtained”ih'the.case that the:

plastic waste is crushed and is then mixed with water to be.

slurry-form.
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m xed with the nolten plastic waste. It is preferable that an anount
of. water added thereto, which is represented in 5 terns of the ratio of
t he wei ght of the plastic waste to the wei ght of the added water,
beconmes within a range of 0.05 to 0. 5. M xture of the nolten
pl astic waste and the water is sent to-a reactor 20. This m xture,
which is in a .10 supercritical or near supercritical state, is heated in
t he reactor 20 to a tenperature, which is in the range of 400 to
600[err]C, preferably, in the range of 450 to 550[err]C, and is

deconposed in a short time at a press@PBLEwhich isip the range of 18
to 50 MPa, preferably, 22.1 to 35 MPa, into | ow 15 nol ecul ar-wei ght
hydrocarbon. A plastic waste can be deconposed into oil, which is in
any state fromthat of heavy " oil to that of light oil, by suitably
sel ecting the ¥@8ction tenperature,lthe réactio preséu e #he
plastic-mgéte-tg: . water mxing ratio and the reaction tine in the
reactor 2 _onéb 1onS: M xture of the | ow nol ecul ar -wei ght hydr ocar bon and
t he su Ltica [ UpekGri khgal er, d i ut p ed
fromthe reac%%%kibﬁiéeﬁﬁggggggéeg Ey agggoliﬁgéuni?agl. 28 T%%Peafter,

the mixture hsoSedbn' BrB0cARBAIABHY FOT 30  PSHTOrMhBy thaostenggl

~separating generated gas fromliqui-d 25 1Tn separation tanks 22,
generat ed gap1hst$€hinatlr! Rtio 0.2 0.2 0.2 0.2 2
by Weight (-) '
Reaction. Time (min.) 2 2 2 5 5

Samplé-Comgésition wt$ |
PE (polyethylene) 100 O 0 32 0

PP (polypropylene) 0 100 0 21 0
PS (polystyrene) 0 0 0o 24 100

PVC (polyvinyl chloride) 0 0 100 23 -0

Conversion Ratio wtS

Gas _ 9 10 21 14 2

0il 91 90 34 75 98

Residue 0 o 3 1 0

HC1 . - - 42 10 -
Example 2

Tests on the decomposition of plastic waste'samples of
compositions Nos. 6 to 8, which are described in TABLE 2 and
on the conversion of the samples into oil were performed by

5 using the apparatus having the configuration of FIG. 4. Test

22



gas washer tower 14 whereupon the gas was treated. The l'iquid

conponent is separation tank 24. Water is sent to a wast e wat er
resesvation tank 26, and then is treated as waste wat er. Thus, the

| ow- nol ecul ar - wei ght hydrocarbons (oil) are 5 collected. In FIG 4,
reference nuneral 25 designates a cooling unit; 27 a punp. -
Hereinafter, the nethods of the present invention wll be descri bed
nore concretely by show ng exanpl es. Exanmple 1 10 Tests on the

SocomOst i, e BT U5 iRl spoh GFNEE WS Hpdhd© ©

O oy S350 5, L VAL i 8 AP i W e

_chIoride)F T he sa s o oiT  were

‘per for med (hy, 'ﬂ)%:ietr]:g:ﬁﬂ]énarergé]ecm%r@: AENDG IS FHAHIALT QUL G 3

Further, a ype contl nuous reac ted by a

t hi ck- wal :hg%'t on r&ﬁ?llrﬁcgéa - d‘fg%‘}m'éiedéﬂcﬁﬂﬂ%ﬁ{tia&ltéé% -%ﬁégr

and wer e mm an respectively, was use

the react gadd JYRAE(pSARNLR)L LdRL ) %%)'s%?éz%ﬁm’%étﬁud 2LrRNBy €S was

continuously treated at a suppl’y anount thereof, ich was of 0.3 to

0.8 kg/h. from the plaiftif WwietebdmpROGhEidiag mdde tBldidg tardugh and

mel t ed therein, each of the sanples was mxed with water heated to
420C. ResthieaRfasEotigd -y dRsgdiiathl oot tetavridie gigRiddpri®s. 25

Subsequently, a supercritical water reaction was conducted

Thereafter, the molten plastic waste was mixed with water
'heated td 420°C in the mixer 16. Then, a resultant mixture

10 was loéded iﬂfo the reactor 20. Subsequently, a
supercritical water reaction was carried out. As a result,
there was hardly caused the corrosion of the apparatﬁs due to
the_hydrdgen chloride. Further, the conversioh ratios'pwing
to the decomposition and conversion of the plastic waste,'and

15 the hydrogen-chloride rémoving ratios are listed in fABLE 2.
It has been found from TABLE 2 that the HCl (hydrogen-
chloride) removing ratio of 99 % or more was obtained in the

stage of the pretreatment of the plastic waste containing

chlorine-base plastic.
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20 : under the conditions described in TABLE 1. Results are
li-sted in TABLE 1. It has been found from TABLE 1 t'hat when t he
supekrcritical water reaction was conducted at a t enper at ure of
480[err]C (incidentally, 410[err]C in the case of 5 using PS singly), the
deconposition of the plastic waste and ~the conversion thereof-into oi
were achieved in a short tine of 5 mnutes. Furthernore, a | arge anount
of plastic waste coul d be continuously treated by the apparatus of the
pr esent invention. 10 Incidentally, in the case of this
exanpl e, the plastic waste i s heatBBLENd melted and were then nixed

w th water. However, simlar results were obtained in the case that the
plastic waste is crushed and is then mxed with water to be

sIurry-forrnNos. 6 7 8

" Sample Composition wt%

PE (polyethylene) ' 0 75 32
PP (polypropylene) _ 0 0 21
PS (polystyrene) 0 0 _ 24
PVC (polyvinyl chloride) 100 25 | 23
Pretreatmeﬁt .
Température (5C) 330 350 350
Treatment Time (min.) - 30 20 20

Reaction Conditions:

Reaction Temperature (°C) 500 500 500

Reaction Pressure (MPa) 30 30 " 30

Plastic-Water Ratio 0.15 0.15 0.15
by Weight (-) |
Reaction Time (min.) 2 2 2.
Products

Conversion Ratio wt%

HC1 : | 42 10 10

Gas | 20 13 17
0il | 36 76 72
Residue | _ 2 1 | 1
.HCl Removing Ratio (wt %) 99.2 99.7 99.8
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1 - | . TABLE 1 NOS.

2

1. 2 3 4 5 Condi ti ons: Reaction Tenperature

([err]© 500 500 500 480 410 Reaction Pressure (MPa) 30
30 30 30 30 Pl astic-Water Ratio 0.2 0.2 0.2 0.2
0.2 by Weight (-) Reaction Tine (mn.) 2 - 2 2
5 5 Sanpl e Conposition w % PE (pol yethyl ene) 100

0 0 32 0 PP (polypropylene) 0 100 0 21
0 PS (pol ystyrene) 0 24 100 PVC

(pol yvi nyl chl ordleyough ghe PrﬁferIGG emb?@lmentsGOf tenPERSLBR Ratio w %

Gas 9 10 14 2
invention have been described above, it should be understood

that the present invention ié not limited thereto and that
other modifiéations will be apparent to those skilled in the
5 art without departing from the spirit of the invention.
The scope of the present invention, therefore, should

be determined solely by the appended claims.

25



91 90 34 75 98 Resi due

HCl - -
i’ltum mﬂ m)"@ arrpl e 2 Tests on the deconposition of
plas e conpositions Nos. 6 to 8, which are described
in TABLE 2 and on the conversion of the sanples into oil were perforned

by 5 using the apparatus having the configuration of FIG 4. Test
22 process was as follows. Nanely, each of the plastic

wast e saﬁl es was heated and nelted in the nelting tank 12 under
the pretr = conditions described in TABLE 2. Gaseous hydrogen

Cpolyvi myl’-chl orh-dd) B t“@ﬁ?ﬁ%ﬁhﬂm&?@” 28 s AR st
g RS B A el S B .
Vrr\: ;Pu\rlvgte%b‘ %’1 ton?ooéﬁré‘l et %EX% é%auaé@nt yx,‘é)%é%tam
-supercglt %ﬁldﬁﬂ(abdﬁ¥%§lﬁﬁlﬂﬁ§ §fﬁ§ 5@ out. As a-result,

carrying out the reaction in a tubular continuous
reactor.

2. The method of converting a plastic waste info oil
according fo claim 1, wherein a residence time of the plastic

10 waste in said reactor is 5 minutes or less when conducting
| the reaction.

3. The method of converting a plastlc waste into 011
according to claim 1, further comprising, before the step of
carrying out the reaction in the tubular contingous reactor,

15 the steps'qf:,heatiné and melting the plastic waste; heating
the water; pressuring the ﬁolten plastic waste and fhe ﬁater;
mixing the préssurized plastic waste and water to broduce a
mixture; and conducting the mixture into a tubular continuous
reactor. |

20 . 4. The method of converting a plastic waste into oil
according to claim 3, further comprising the step of heating
the tubular réactor so as to bring the reaction mixture in a
supercritical or near-supercritical region of water.

5. The methdd of converting a pléstic waste into oil

25 according to clainm 4, further comprising the steps of cooling
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there was hardly caused the corrosion of the apparatus due to t he

hydr5§Eﬁ_EﬁT“rd€-Fu%%her, the conversion ratios owing - to the

deco ersion of the plastic waste, and 15 the

hydr gmml ml EMI ng ratios are listed in TABLE 2. It has been
found f'rofn TA the HCO (hydrogen- chloride) renoving ratio of
99 % or nore was obtained in the stage of the pretreatnent of the

pl asti c waste contai ning chl ori ne- base plastic

23

6 a? product %f %ﬂ%a%waswwaﬂw% °fPEhe(EBP'§£?ﬁyI ene)

0

21 PS ??Rﬁﬁ%???%nﬁ$a°t°r égg ¥géogérggg)a 6ow~molecg£ar welghg il

from the product.
6. A method of converting a plastic waste containing
5 chlorine-base plastic into oil by decomposing the plastic
waste by a reaction using water in a supercritical or near
supercritical region as a reaction medium, comprising the
steps of:.
heating the plastic waste to decomﬁbse part or ail of

10 +the chiorine:base plastic cohtained in the plastic waste and
éeparate and remove generated hydrogen chloride therefrom;
and

carrylng out the reaction by mixing the plastlc waste,
from which the hydrogen chloride is separated, with water.

.15 7. The method of convertlng a plastic waste into oil
according to claim 6, whefein a:tubular continuous reactor is
used as a reactor for conductiﬁg_the reaction.

8. The method of converting a plastic waste into oil
according to claim 7, wheréin'a residence time of the plastiq :

20 waste in the reaétor is 5 minutes or less when conducting the
"reaction.

9. The method of converting_a plasfic waste into oil
according to claim 5, further comprising the step of heating
the plastic waste to decdmpose part or all of the chlorine-

25 Dbase plastic contained in the plastic waste and separate and

27



PVC " (polyvinyt—chtoride) 25 23 Pretreatnent

Tenper at 330 350 350 Treatnent Tinme
(mn;) ”"m ’ I’ ”Uw 20 Reaction Conditions: Reacti on

Tenper at ur e 500 500 Reaction Pressure (MPa)
Plastic-Water Ratio 0.15 0. 15

0.15 by Wei ght ( ) Reaction Tinme (mn.) 2 2

2 Products Conversion Ratio wt % HC : 42

10 10 Gas 20 13 17 al
36 gmove genqgatedﬁ@g@gggen chloride therefrom bgfore mixing

1 HA Renpving. Ratio (w 9% 99. 99.7 99 8 :

24 the plastic Wa?$?h%ﬂ@h“?ﬁ%rpreferred enbodi ments of the present

llnventlon have bfgn ﬁksgéﬁgggtﬁgo¥or ééngggglggbe uf Lféogaste into
oil by decomposing the plastic waste by a reaction using
5 water in a supercritical or near supercritical region as a
reaction medium, comprising:
a tubular continuous reactor as a reactor for
conducting the reaction. |
11 The apparatus for convertlng a plastlc waste into
10 oil accordlng to claim 10, wherein the tubular continuous
reactor comprises a plurality of thick-walled reaction tubes.
12. An apparatus fo; cohverting a plastic waste into |
oil by décomposing.the plastic waste by ; reéction using
water in a supercritical or near supercritical fegion as a
15 reaction medium, comprising:l |
a hydrogen—chloride-decomposing/rembving mechanism for
heating a plastic waste td decompose part'pr all of thé
chlorine~base plastic contained in the blastic waste and .
separate and remove generated hydrogen chloride therefrom; -
_20 and
a reactor for decomposing the plastic waste, from which
the hydrogen chloride is separated, by conductiné the
reaction.
13. The apparatus for converting a plastic waste into

25 o0il according to c¢laim 12, wherein a tubular continuous
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that the present invention'is not limted thereto and that ot her
nDdlflEarrons—ﬂfLL_be_gQQgrent to those skilled in the 5 art wthout

departl |r|t of the invention. The scope of the
present g Hﬂ ””ﬂ ﬁu' ore, should be determined solely by the
appended* :

reactor is used as the reactor for conducting the reaction.
: 1}
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CLAI M5~ 1. A nethod of converting a plastic waste into oil by
deconposing the plastic waste by a reaction using water in a
supercritical or near supercritical region as a reaction 5 nedium
conprising the step of: carrying out the reaction in a tubular
cont i nuous reactor. 2. The nethod of converting a plastic
waste into oil according to claim lzgwherein a residence time of the
plastic 10 waste in said reactor is 5 mnutes or |ess when conducting

t he reaction. 3. The method of converting a plastic waste into
oi | aggﬁ%ﬁ%pg to claim1, further conprising, before the step of
carrying reaction in the tubular continuous reactor, 15 the steps
of : heating and nelting the plastic waste; heating t he wat er;

bressur! npEe TR SEBMEOY Lo B EcfE 4 Mpkhinoms g9 L1

conducting . the nlxture into a t ubul ar conti nuous ‘reactor. 20

4. The method of convertin pl astic waste into oil accordlng to
claim 3, further®deriphediq ?ﬂ@V§FEhn6fahEh?$ﬁbc WaSt?hénF9b9+%r Yeactor so
as to‘bring the reaction mxture in upercritical

near - supe q?WE%ﬁl?%gFBﬁ B}aﬁﬁfﬁrwaSte by a eactypp Hﬁfﬂ%dwﬁFethQe?tlng_

2 plastic waste LLPo | or RelEoRldblirl 016hF Fhd1ohUALS rERBRELRI N0 Lhe

* medium. In this method, the reaction is conducted by using a
tubular continuous reactor. The present invention further
provides an apparatus therefor. Moreover, the present
invention provides a method of converting a plastic waste
into oil_bﬁ conducting the reaction after hydrogen chloride.
is remaved bfaperforming the pyrolyéis of the plastic waste
ih the case that the plastic waste contain chlorine. The

present invention further provides an apparatus for

performing this method.

(Figure 1)



26 . a product of the reaction com ng out of the tubular
contifiuous reactor. and recovering a | ow nol ecul ar wei ght oil fromthe
product . 6. A nethod of converting a plastic waste containing

5 chlorine-base plastic into oil by deconposing the plastic waste by a
reaction using water in a supercriticallbé near supercritical region as
a reaction nedium conprising the steps of: heating the

pl astic waste to deconpose part or | of 10 the ck i ase plastic
contained in the plastic waste and
hydr ogen chl ori de therefrom

by m xing the plastic waste, whi ch the h ride is
separated, with water. 15 7.7 The nethod of [conpertiing ¢ plastic
‘waste into oil according to ¢clTdm®6, wherein a § gont i nuous
reactor is used as a reactor fgr conducting jct i or].
8. The nethod of converting a plastijc waste into |aDl. acqgording to
claim7, wherein a residence tine off the plastic|Z0wadte ir the reactor
is 5 mnutes or | ess when conducting the o
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reacti on. 9. The method of converting a plastic waste into oi
accordi'ng to claim5, further conprising the step of heating t he

pl asti c waste to deconpose part or all of the chlorine- 25 base plastic .
contained in the plastic waste and separate and

27 renove gener at ed hydﬁpgen chloride therefrom before
m Xi ng the plastic waste and water. " 10. An apparatus for
converting a plastic waste into il by deconposiag the plastic waste by
a reaction using 5 water in a sugercrfitical or nedr syperc ijcal region
as a reacti on nmedi um conpri si n@ a tﬂb | ar tl nuous
reactor as a reactor for condyctp rjg the reacti ¢ro (3 11. The
apparatus for converting a plastid te into 10 {oil accora; g to claim
10, wherein the tubul ar conti nuous ‘reactor conpri#ses a pljurality of
t hi ck-wal | ed reaction tubes. _ 12. An appd for |converting a
pl astic waste into oi |l by decd ing the pl 4§ c wgste Ry a reaction
usi ng water in-a supercritical near superdritEcal} regijon as a 15
reacti on nedi um conpri sing: — a hydrogedi%@lor
deconposi ng/ renovi ng nechani sm for] < Nt =1
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heating a plastic waste to deconpose part or all of the chl ori ne-base

plasti‘c contained in the plastic waste and separate and renove
generat ed hydrogen chloride therefrom 20 and a reactor for
deconposing the plastic waste, from which t he hydrogen chloride is
separated, by conducting the reacgyon. 13. The apparat us
for converting a plastic waste into 25 oil according to claim12, wherein
a tubul ar conti nuous , 28
reactor is used as the reactor for conducting the reaction.
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